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Introduction
Nucleophilic substitution of hydrogen in electron-deficient arenes is a well established, versatile tool in organic synthesis. 1, 4 The key step of this process is the addition of nucleophilic agents to these arenes to produce σ H -adducts that are subsequently converted into the final products. The general character and value for synthesis of the nucleophilic substitution of hydrogen is due to the fact that the addition of nucleophiles in positions occupied with hydrogen leading to σ H adducts proceeds faster than in those occupied by other substituents such as halogens. When the conversion of the σ H -adducts into products proceeds at a high rate, the nucleophilic substitution of hydrogen becomes a general process that proceeds much faster than conventional substitution of halogens. There are two major ways for this conversion -the oxidation of the σ H -adducts with external oxidants -oxidative nucleophilic substitution of hydrogen -"ONSH" 5 and the β-elimination of HX when the nucleophiles contain a leaving group X at the nucleophilic centrethe vicarious nucleophilic substitution of hydrogen -"VNS".
solution in liquid ammonia and that this solution can be used as an efficient system for amination of electron-deficient heteroarenes via oxidation of the σ H -adducts of ammonia. 7 This oxidative variant of the Chichibabin reaction has found wide application in synthesis. 8 Since liquid ammonia is an excellent solvent for the generation and reactions of carbanions, we have successfully used the system KMnO 4 /NH 3 for ONSH in nitroarenes with carbanions of α-phenylalkane nitriles 9 and α-phenylalkanoic acid derivatives.
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Recently we have shown that the VNS reaction can be used as an efficient tool for determination of the electrophilic activities of nitroarenes, particularly the effect of substituents on rates of addition of carbanions to electron-deficient aromatic rings. 11, 12 Although the effects of substituents on rates of nucleophilic substitution of halogens and other nucleofugal groups, the S N Ar reaction, in substituted nitroarenes was thoroughly studied 2,13 the resulting data do not reflect the true electrophilic activities of the arenes. The main reasons for this are that the S N Ar reaction is a secondary process preceded by fast and reversible formation of the σ H adducts, and that the observed rates depend on the nature of the leaving group. Contrary to that, the VNS reaction proceeds via addition of carbanions in positions occupied by hydrogen. As a result of this, we have used the VNS reaction and determined relative rates of the nucleophilic addition in the position occupied by hydrogen in nitroarenes for the model carbanions of chloromethyl phenyl sulfone in competitive experiments under conditions that assure fast elimination of HCl from the σ H -adducts. 11, 12 Under such conditions the ratio of the products of the VNS reaction of competing nitroarenes reflects the ratio of the rate constants of the addition, and hence the electrophilic activity of arenes.
Results and Discussion
In this paper we present the results of similar studies of the effects of substituents on the rate of nucleophilic addition to nitroarenes of the model carbanion of 2-phenylpropionitrile 1 via ONSH reaction. In our earlier papers we reported that this is a fast reaction that proceeds selectively in the para position, in high yields. 9 Due to these characteristics the ONSH reaction with carbanions of 2-phenylpropionitrile 1 can be used for determination of relative rates of nucleophilic addition to nitroarenes in positions para to the nitro group via competitive experiments. Since the ONSH with 1 ─ proceeds exclusively in the position para-to the nitro group, the effects of substituents that are located only in the ortho-and meta-positions to the nitro groups could be determined. In the competitive experiments, two nitroarenes A and B dissolved in liquid ammonia were competing for the carbanion of 1 used in sub-equimolar quantity. The mixture of the σ H adducts produced, was subsequently oxidized with potassium permanganate, and the composition of the ONSH products analyzed by GLC. The ratio of the ONSH products reflects the relationship of the rate constants of the addition, provided oxidation of the σ H adducts proceeds in high yields and faster than dissociation. The high rate of oxidation of the σ H -adducts under these conditions has already been proved. 9 In separate experiments we liquid ammonia or THF to a solution of the competing nitro-arenes in liquid ammonia. However, due to very fast rate of the addition reaction, the results were irreproducible -perhaps the mixing at the low temperature was too slow, so local fluctuations of the concentration were generated. In order to avoid these difficulties the carbanion of 1 was generated in situ by treatment of a mixture of the competing nitro-arenes and the nitrile with a solution of t-BuOK in THF. Samples of the individual products of ONSH reaction necessary for calibration of GLC analyses were prepared as reported earlier.
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The competitive ONSH experiments are given in Scheme 1, results are given in Table 1 . 
Scheme 1
Competitive experiments of nitrobenzene with highly electrophilic nitroarenes gave mainly products of ONSH in these arenes, so GLC analysis of the mixtures of the products cannot give reliable results. To avoid these difficulties such nitroarenes: 2-F-, 3-CN-, 2-CN-nitrobenzenes, were allowed to compete with more active 2-Cl-nitrobenzene and subsequently between themselves, and the results recalculated for nitrobenzene which is used as the standard. Recalculated from results of the competition with 2-chloronitrobenzene given in brackets. b Recalculated from the results of the competition with 3-cyanonitrobenzene given in brackets. Recalculated from the results of the competition with 2-fluoronitrobenzene given in the brackets.
As was discussed in detail in our preceding papers, 11,12 the rate of the nucleophilic addition to substituted nitroarenes can be affected by the substituents in a few ways: primary electronic: inductive and resonance effects on the reaction site, primary steric effect on the reaction site, and also secondary electronic and steric effects on the nitro-group that change its overall electronwithdrawing action activating nitro-aromatic rings. The observed relative rate constants of the addition of 1 -to nitroarenes are a superposition of these effects. Substituents Z in 2-Z nitroarenes being in a meta-position to the reaction site, exert primary electronic inductive effect on the addition site, and secondary electronic and steric effects on the nitro group. For example, in the series of 2-halo-nitro-arenes, F>Cl>Br>H>I, it is evident that the secondary steric effect that hinders co-planarity of the nitro group with the ring which is necessary for the addition, dominates over the secondary electron-donating effect of F in 2-F nitrobenzene. Thus, the overall effect is as show in the above sequence. The importance of the secondary steric effect can be seen in the case of 2-CF 3 -nitrobenzene. Although the CF 3 group exerts a very strong electronwithdrawing inductive effect, (much stronger than F) and, unlike F, has no electron-donating conjugative effect, 2-CF 3 -nitrobenzene is less active than 2-F-nitrobenzene. On the other hand, in 3-Z-nitrobenzenes, the substituents Z act via primary electronic and steric effects on the addition site. Here one can observe the strong influence of primary steric effects. 4 Cl leads to full recovery of 2-phenylpropionitrile, whereas in a similar experiment without 3-CF 3 -nitrobenzene, 2-methyl-2-phenylpropionitrile the product of methylation of the carbanion, was obtained. This indicated that the carbanion of 1 is bonded reversibly to 3-CF 3 nitrobenzene and the nitrile released upon protonation. The strongly electronwithdrawing CN group, that does not create steric hindrance, exerts the strongest activating effects in both the 2-and 3-positions. It is interesting to compare the effects of substituents on the relative rates of the addition of 1 -in the para-position of nitroarenes with those of the carbanion of chloromethyl phenyl sulfone (CPS) determined via VNS reaction. 11 Although, in general, the trend is the same, there are substantial differences mostly due to the much stronger influence of steric effects on the addition and also the oxidation steps in the ONSH with 1. For instance, the overall activity of 3-chloronitrobenzene in the reaction with the secondary carbanion of CPS is about 40 times higher than the 2-isomer, whereas in the reaction with 1 -, 2-chloronitrobenzene is more active than the 3-isomer. A similar situation is the case with 2-and 3-bromonitrobenzenes. Obviously primary steric effects are dominating. The ONSH competitive experiments gave a good opportunity to compare directly the rates of nucleophilic addition of 1 -to nitroarenes in positions para-to the nitro group and occupied by hydrogen and halogen. The latter addition is the first step of the S N Ar reaction. Although direct competition of nitrobenzene with p-fluoro-and p-chloro-nitrobenzenes is not feasible, because the products of the ONSH reaction in nitrobenzene and S N Ar in p-halonitrobenzenes are identical, such competition can be made between 4-halo-nitrobenzenes and nitrobenzenes containing substituents in positions 2-or 3-(Scheme 2). The data in Scheme 2 do not indicate strong preference for the addition of 1 -in positions occupied by hydrogen. One should, however, take into account the high overall electrophilic activities of para-halonitrobenzenes that play an important role in the intermolecular competition, whereas in intramolecular competition the addition in positions occupied by hydrogen is much preferred.
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Conclusions
It has been shown that the rate of addition of the tertiary carbanions of 1 in the para-positions of nitro-arenes is affected by electronic and steric effects of substituents. Particularly important are primary steric hindrances by substituents located in positions meta-to the nitro group. Due to the strong influence of the steric effects, ONSH in nitro-arenes with the tertiary carbanion of 2-phenylpropionitrile cannot be a good model to study the electrophilicity of nitroarenes. On the other hand, the results disclose the complicated picture of the process and should be of substantial value for designing experiments on oxidative nucleophilic substitution with other carbanions.
Experimental Section 
Competitive reactions. General procedure
To a solution of competing nitroarenes A and B (2-6 mmol), biphenyl (internal standard) and 2-phenylpropionitrile (1 mmol) in NH 3 (20 mL) cooled to -70°C a 1 M solution of t-BuOK in THF (1.1 mL, 1.1 mmol) was added dropwise. After 2 min powdered KMnO 4 (0.24 g, 1.5 mmol) was added and after another 2 min the reaction mixture was treated with powdered NH 4 Cl (0.5 g) and ammonia evaporated. The residue was treated with water, extracted with CH 2 Cl 2 (50 mL) and passed through a small pad of Celite. Extracts were dried with MgSO 4 and analyzed by GLC using internal standard and calibration procedure. The reaction was repeated 3 times for each pair of nitroarenes and results were averaged. Calculation of the relative rates were carried out as reported earlier.
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2-(4-Nitro-3-trifluoromethylphenyl)-2-phenyl-propionitrile. 
